Importance: Whether people infected with human immunodeficiency virus (HIV) are at an increased risk of acute myocardial infarction (AMI) compared with uninfected people is not clear. Without demographically and behaviorally similar uninfected comparators and without uniformly measured clinical data on risk factors and fatal and nonfatal AMI events, any potential association between HIV status and AMI may be confounded.
W
ITH THE SUCCESS OF antiretroviraltherapy (ART), people infected with human immunodeficiency virus (HIV) are now living longer and are at risk for heart disease. Determining whether HIV-positive people have an increased risk of acute myocardial infarction (AMI) compared with uninfected people is a central question 1 with important clinical implications. Although prior studies [2] [3] [4] [5] [6] have reported an association between HIV and AMI, the results may have been confounded by the choice of reference group, the lack of adjudicated AMI outcomes, a lack of fatal events, and/or missing risk factor data. We investigated whether HIV is associated with an increased risk of AMI after adjustment for all standard Framingham risk factors among a large cohort of HIV-positive and demographically and behaviorally similar (ie, similar prevalence of smoking, alcohol, and cocaine use) uninfected veterans in care.
METHODS
The Veterans Aging Cohort Study (VACS) Virtual Cohort (VC) 7 is a prospective longitudinal cohort of HIV-positive and age-, race/ethnicity-, and clinical site-matched uninfected veterans enrolled in the same calendar year. Participants have been continually enrolled each year since 1998 using a validated existing algorithm from the US Department of Veterans Affairs (VA) national electronic medical record system. 7 Data for this cohort are extracted from the immunology case registry, the National Pharmacy Benefits Management database, the Decision Support System, the National Patient Care Database, and the VA electronic medical record health factor data set. Deaths are identified using the VA vital status file, the Social Security Administration death master file, the Beneficiary Identification and Records Locator Subsystem, and the Veterans Health Administration medical Statistical Analysis Systems inpatient data sets. Cause of death was obtained from the National Death Index. The University of Pittsburgh, Yale University, and West Haven VA Medical Center institutional review boards approved this study.
For this analysis, we considered all VACS-VC participants alive and enrolled in VACS-VC on or after 2003. The baseline was a participant's first clinical encounter on or after April 1, 2003. All participants were followed up from their baseline date to either an AMI event, death, or the last follow-up date. Participants were followed up through December 31, 2009.
These data were merged with data from Medicare, Medicaid, and the Ischemic Heart Disease-Quality Enhancement Research Initiative, an initiative designed to improve the quality of care and health outcomes of veterans with ischemic heart disease. 8, 9 In the Ischemic Heart Disease-Quality Enhancement Research Initiative, data from all participants with AMIs from 2003 through 2009 were reviewed to assess variations in acute coronary syndrome outcomes within the VA health care system. We excluded participants with prevalent cardiovascular disease on the basis of International Classification of Diseases, Ninth Revision (ICD-9) codes for AMI, unstable angina, cardiovascular revascularization, stroke or transient ischemic attack, peripheral vascular disease, or heart failure on or before their baseline date (n=17 229). After this exclusion, our final sample included 82 459 veterans (33.2% HIV positive).
INDEPENDENT VARIABLE
We considered HIV to be present if a participant had at least 1 inpatient and/or 2 or more outpatient ICD-9 codes for HIV and was included in the VA Immunology Case Registry.
7

DEPENDENT VARIABLES
Our primary outcome was AMI. All primary outcomes were defined using VA, Medicare, and death certificate data. For events within the VA, including transfers from non-VA hospitals, AMI was determined using data collected by trained abstractors from the VA External Peer Review program. 9, 10 Adjudication required documentation of AMI in the discharge summary followed by a review of the physician notes and medical records. Medical information abstracted included evidence of elevated serum markers of myocardial damage including elevated troponin I, troponin T, or creatine kinase-muscle brain and electrocardiography findings. Thresholds for positive serum markers were defined by the assay used. The ST-segment elevation was defined as 1 mV or higher elevation in 2 or more contiguous leads and/or left bundle branch block. For AMI events occurring at non-VA hospitals that were not transferred to a VA facility, we used Medicare inpatient ICD-9 code 410 data. This code was selected on the basis of its high agreement with adjudicated AMI outcomes in the Cardiovascular Health Study.
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Based on Cardiovascular Health Study criteria, 11 definite fatal AMI was a death within 4 weeks of an AMI event. Possible fatal AMI was a death with a death certificate documenting AMI as the underlying cause (ICD-10 code I21.0-.9).
COVARIATES
We determined age, sex, and race/ethnicity using administrative data. Hypertension, diabetes mellitus, 12 dyslipidemia, renal disease, and anemia were measured using outpatient and clinical laboratory data collected closest to the baseline date. The HMG-CoA [(3-hydroxy-3-methylglutaryl)-coenzyme A] reductase-inhibitor use and ART were based on pharmacy data, and smoking and body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) were measured from health factor data that are collected in a standardized form within the VA. Hypertension was categorized as no hypertension (blood pressure Ͻ140/90 mm Hg and no antihypertensive medication), controlled hypertension (Ͻ140/90 mm Hg with antihypertensive medication), and uncontrolled hypertension (Ն140/90 mm Hg). 13 Our blood pressure measurement was the average of the 3 routine outpatient clinical measurements closest to the baseline date. Diabetes was diagnosed using a previously validated metric that considers glucose measurements, antidiabetic agent use, and/or at least 1 inpatient and/or 2 or more outpatient ICD-9 codes for this diagnosis. 12 The HMG-CoA reductase-inhibitor use was within 180 days of the baseline date. Current, past, and never smoking and BMI were assessed using documentation from the VA electronic medical record health factor data set, which contains information collected from clinical reminders that clinicians are required to complete for patients. Prior work 14 demonstrates the high agreement between health factor documentation and VACS-8 self-reported smoking survey data. Hepatitis C virus infection was defined as a positive hepatitis C virus antibody test result or at least 1 inpatient and/or 2 or more outpatient ICD-9 codes for this diagnosis. 15 History of cocaine and alcohol abuse or dependence was defined using ICD-9 codes. 16 We collected data on CD4 cell counts and HIV-1 RNA values from baseline through the last follow-up date. Baseline and recent ART was categorized by drug class and types of regimen within 180 days of the baseline enrollment date and the date closest to AMI, death, or last follow-up date, respectively. Regimen was defined as protease inhibitors plus nucleoside reverse-transcriptase inhibitors (NRTI), nonnucleoside reversetranscriptase inhibitors (NNRTI) plus NRTI, other, and no ART use (ie, reference). Prior work 7 demonstrated in a nested sample that 96% of HIV-positive veterans obtain all their ART medications from the VA.
STATISTICAL ANALYSIS
Descriptive statistics for all variables by HIV status were assessed using t tests or the nonparametric counterparts for continuous variables and the 2 test or Fisher exact test for categorical variables. We calculated incident AMI rates per 1000 person-years stratified by age group and HIV status. We used Cox proportional hazards models to estimate the hazard ratio (HR) and 95% CIs to assess whether HIV infection was associated with incident AMI after adjusting first for age, sex, and race/ethnicity and then additionally for the Framingham risk factors using established cut points. 17, 18 Our final model adjusted for demographic characteristics, Framingham risk factors, comorbid diseases, and substance abuse or dependence. Our primary analyses included nonfatal and fatal AMI (definite and possible). In separate secondary analyses, we examined the association between HIV and AMI in subgroups (eg, never smokers) and expanded our analyses to include VA, Medicare, and Medicaid AMI event data (ie, inpatient ICD-9 code 410). Analyses involving Medicaid were truncated to 2007 to correspond with the end of our available Medicaid data. We determined whether the risk of AMI persisted among HIV-positive veterans with HIV-1 RNA levels less than 500 copies/mL over time compared with uninfected veterans using the counting process technique for a time-updated Cox proportional hazards model. 19 Analogous analyses examined CD4 cell count over time and AMI risk. Older age, a higher burden of comorbid disease and substance use, and very complete capture of mortality events in the VACS translates into high mortality rates. Because of the high mortality among HIV-positive (4928 [ 20, 21 We assessed the change in the C statistic on the addition of HIV to a model that included risk factors as defined by the Framingham risk score using VACS participant data and methods from D'Agostino et al. 22 Among HIV-positive veterans, we examined the association between Framingham risk factors, comorbidities, substance use, HIV biomarkers, ART, and AMI. Missing covariate data were included in the analyses using multiple imputation techniques that generated 5 data sets with complete covariate values to increase the robustness and efficiency of the estimated HR.
RESULTS
Although VACS-VC HIV-positive and uninfected veterans were age-and race-matched at the time of enrollment, after participants with baseline cardiovascular disease were excluded (n=17 229), some differences by HIV status existed (final sample size=82 459) ( Table 1) . The prevalence of Framingham risk factors differed by HIV status (PՅ.001 for all). Only current smoking, low highdensity lipoprotein (HDL) cholesterol, and elevated triglycerides were more common among HIV-positive veterans. The median baseline coronary heart disease (CHD) risk was intermediate for both groups (Framingham risk score=6) ( Table 1) . During a median follow-up of 5.9 years, there were 871 AMI events (41.7% HIV positive). Of these 871 events, 534 (61.3%) were within or transferred to the VA (Quality Enhancement Research Initiative), 161 (18.5%) were outside the VA and never transferred to VA facilities (Medicare events), and 176 (20.2%) were deaths. The AMI rates per 1000 person-years were significantly higher among HIV-positive compared with uninfected veterans ( Table 2) , whereas the median age at event (56.4 vs 56.2 years, P = .42) and time to event (3.3 vs 3.4 years, P = .28) were similar.
After adjusting for Framingham risk factors, comorbidities, and substance use, HIV-positive veterans had an increased risk of incident AMI compared with uninfected veterans (HR, 1.48; 95% CI, 1.27-1.72) ( Table 3) . Framingham risk factors, hepatitis C virus infection, renal disease, and anemia were independently associated with AMI (Table 3) . This association persisted when we restricted the sample to never smokers (HR, 1.75; 95% CI, 1.27-2.42) or to those without hepatitis C virus infection, renal disease, and obesity (1.50; 1.20-1.88) or when we expanded our outcomes to include VA, Medicare, and Medicaid events (1.58; 1.25-1.99). Although AMI risk was highest among those with HIV-1 RNA levels of at least 500 copies/mL and CD4 cell count less than 200 cells/mL in time-updated analyses ( Table 4) , this higher risk remained even among those who achieved HIV-1 RNA levels less than 500 copies/mL over time compared with uninfected veterans (Table 4 ).This was also true after adjusting for competing risk of death (HR, 1.45; 95% CI, 1.25-1.69). The C statistic for a model to predict AMI was 0.71 (95% CI, 0.70-0.73). When we added HIV infection to the model, the C statistic increased by 0.01 (P Ͻ .001).
Among HIV-positive veterans, baseline HIV-1 RNA, CD4 cell count, and ART (both by class and regimen), as well as recent NNRTI, NRTI, and ART regimens were not associated with AMI. However, recent HIV-1 RNA of at least 500 copies/mL (HR, 1.60; 95% CI, 1.14-2.22) and recent CD4 cell count less than 200 cells/mL (1.57; 1.10-2.24) were associated with AMI, and recent protease inhibitor use (1.34; 0.98-1.81; P = .06) had bor- derline significance with AMI after being included in a model that adjusted for Framingham risk factors, comorbidities, and substance use (data otherwise not shown).
COMMENT
Veterans with HIV infection have a significantly higher risk of AMI compared with demographically and behaviorally similar uninfected veterans even after adjustment for Framingham risk factors, comorbidities, and substance use. This risk persisted among those achieving HIV-1 RNA levels less than 500 copies/mL over time. When added to a model including Framingham risk factors, HIV status modestly improved AMI risk discrimination.
Although consistent with prior studies, 2-6 our analyses are more definitive. This study included adjudicated AMI events within the VA, transfers to the VA and events not treated at the VA (Medicare and Medicaid), and fatal and nonfatal AMI events. Moreover, most of the prior studies were missing confounders such as smoking, [3] [4] [5] [6] and none had fatal events or compared rates with uninfected demographically and behaviorally similar participants.
Our results are consistent with prior studies 23, 24 linking ART with AMI risk among HIV-positive people. Although the association between recent protease inhibitor use and AMI achieved only borderline significance, in combination with our analysis reporting an excess risk of AMI among HIV-positive veterans who have HIV-1 RNA levels less than 500 copies/mL over time compared with uninfected veterans, this suggests that ART contributes to AMI risk.
Findings from this and prior studies suggest that the increased risk of AMI among HIV-positive people is likely a function of HIV, 25 ART, 23, 24, 26 and the burden of comorbid disease including Framingham risk factors. 23 Unlike in prior studies, we did not observe a significant association between HDL cholesterol and AMI in our multivariable models. However, in univariate analyses, HDL less than 40 mg/dL (to convert to millimoles per liter, multiply by 0.0259) was associated with AMI (HR, 1.27; 95% CI, 1.01-1.59). When we added each Framingham risk factor and HIV separately to our univariate HDL model, diabetes (HR, 1.16; 95% CI, 0.92-1.46) and to a lesser extent HIV (1.21; 0.96-1.52) attenuated the association between HDL and AMI.
The mechanism by which HIV infection increases the risk of AMI is not known. Possible mechanisms may involve inflammation, 27 CD4 cell count depletion, 28 altered coagulation, 29 dyslipidemia, 30 impaired arterial elasticity, 31 and endothelial dysfunction. 32 Among HIVinfected people, ART is associated with metabolic changes 33 and abnormal fat distribution, 34, 35 which in turn are linked with insulin resistance, 33 diabetes, 33 and dyslipidemia. 33, 36 Although HIV and ART are associated with AMI risk, results from the Strategies for Management of Antiretroviral Therapy study 25 showing that HIV viral suppression results in lower cardiovascular disease risk than drug conservation therapy suggest that the virus plays the larger role.
In this study, HIV-positive veterans had a higher risk of AMI while having the same baseline Framingham risk score as uninfected veterans. Human immunodeficiency virus infection was associated with an increase in AMI risk when added to a model of Framingham risk factors. These findings combined with prior work by the D:A: D 37, 38 suggest that the Framingham risk score may underestimate AMI risk among HIV-positive people and that the addition of HIV and ART to a model of established AMI risk factors may be clinically useful. When the Framingham risk score was validated in other uninfected multiethnic cohorts, recalibration was required in some instances to account for the different prevalences of risk factors and underlying rates of developing CHD. 22 A comparison of the VACS-VC with participants in the Framingham Heart Study demonstrates substantial differences in the prevalence of diabetes, smoking, and low HDL cholesterol as well as race/ethnicity. 22 Of note, the Framingham risk score does not incorporate risk factors significantly associated with AMI in this study (ie, hepatitis C virus, anemia, renal disease, HIV-1 RNA, or CD4 cell count). Future studies should focus on validat- 7-36.4) . . . ing the Framingham risk score as originally described by D'Agostino et al 22 and then assess whether the inclusion of HIV status, race/ethnicity, comorbidities (eg, hepatitis C virus, renal disease, and anemia), HIVspecific biomarkers and ART, and/or inflammatory biomarkers improves CHD risk prediction for HIVpositive people.
HIV Infected
There are limitations that warrant discussion. First, because this sample is overwhelmingly male, our findings may not generalize to women. Second, as with any observational study, there is always the possibility of residual confounding. For example, we do not have biomarker data beyond what is available in the clinical setting; therefore, we could not incorporate biomarkers, such codes to identify substance use may have resulted in some misclassification. Fifth, some of our AMI events were defined using only ICD-9 codes and death certificate data without confirmatory data (eg, enzymes and electrocardiography findings). However, it is reassuring that the association between HIV and AMI remained the same across several sensitivity analyses exploring the influence of these data. Sixth, there is the possibility that some non-VA events were not captured. However, after surveying 6000 VACS 39 participants (half HIV positive) as to whether or not they had (1) had any cardiovascular event and (2) been hospitalized for it outside the VA, 25% reported an event occurring outside the VA. In this analysis, 23% of the AMI events occurred at non-VA hospitals. Moreover, the association between HIV and AMI remained unchanged when we excluded Medicare and Medicaid events (HR, 1.47; 95% CI, 1.25-1.73), suggesting that non-VA health care use for AMI did not substantially differ by HIV status. Our rates for white uninfected men (2.6 per 1000 person-years) were also similar to the ageadjusted rates in the 2006 Atherosclerosis Risk in Communities study from the community surveillance (2.9 per 1000 persons). More important, these rates are not adjusted for the higher mortality rate among veterans compared with Atherosclerosis Risk in Communities participants and competing risks of death. Finally, we considered differences in the proportion of missing data on all Framingham risk factors by HIV status. Although there were statistically different proportions, these differences were small (eTable; http://www.jamainternalmed.com).
In conclusion, HIV infection is independently associated with AMI after adjustment for Framingham risk, comorbidities, and substance use. Unsuppressed HIV viremia, low CD4 cell count, Framingham risk factors, hepatitis C virus, renal disease, and anemia are also associated with AMI. Moreover, this risk also extends to HIV-positive veterans with an HIV-1 RNA level less than 500 copies/mL over time compared with uninfected veterans. When added to a model of Framingham risk factors, HIV infection is associated with improved AMI risk discrimination. Future studies should focus on validating the Framingham risk score in cohorts with HIVpositive people using hard CHD end points and assessing whether the inclusion of HIV status; race/ethnicity; comorbidities such as hepatitis C virus, renal disease, and anemia; HIV-specific biomarkers and ART; and/or inflammatory biomarkers improves CHD risk prediction for HIV-positive people. 
